In the present investigation an attempt is made to determine the energy relations involved in abiotic action, thus placing the results upon a radiometric basis. By means of screens of mica, and of glass, successive portions of the ultra-violet spectrum are eliminated and the effects upon the resulting germicidal action established. The novelty in the present investigation consisted in making an application of the discovery that mica has a well-defined absorption band at about 260 m/x. A small variation in thickness of the mica screen produces a large variation in transmission in this spectral region relative to the rest of the spectrum, thereby permitting an increase in the intensity of the radiation stimulus of these wave lengths, while other conditions remained practically constant.
intensity of the radiation stimulus of these wave lengths, while other conditions remained practically constant.
The effects of preexposure of the culture medium upon subsequent inoculation were investigated, and found negligible for the intensities and the time of exposure used in this investigation.
The paper gives data on (1) the effect of continuous and of intermittent exposure;
(2) the spectral range of, as well as the effect of the intensity of the radiation stimulus upon abiotic action; and (3) the energy required to kill a bacterium.
For low intensities a stimulation of bacterial growth may possibly occur, which is a question requiring further investigation. Two methods, in general, have been used in attacking this problem: (1) By exposure of the material covered with screens which absorb certain wave lengths of the ultra-violet and (2) by exposure of the material to the ultra-violet spectrum produced by a quartz spectrograph.
CONTENTS
In the experiments of Henri 2 and his collaborators using the mercury-vapor arc in quartz, also the spark between electrodes of cadmium and of magnesium as sources of radiation, filtered through transmission screens of glass, and of celluloid, which were placed over the material investigated, it In other words, using intensities above a certain energy level, the effect of the abiotic action was found to be cumulative in its injurious effect upon the eye.
The action of the ultra-violet rays of very short wave lengths, known as the Schumann rays (XX 125 to 170 m/x) upon living organisms has been studied by Bovie. 4 He made no radiometric measurements. However, it is fairly well established that the Schumann 5 radiation of the hydrogen discharge tube is of low intensity.
Nevertheless, he found the Schumann rays very 2 Cernovodenau and Henri, Compt. Rend., 135, p. 315; 1902; 150, pp. 52 and 549; 1910;  Henri, Compt.
Rend., 155, p. 315; 1912. 3 Verhoeff and Bell, Proc. Amer. Acad. Arts and Sci., 51, p. 640; 1916. (See extensive bibliography. * Bovie, Botanical Gazette, 61, p. 1; 1916. (Good bibliography.) 6 Pfliiger, Ann. der Phys. (4), 13, p. 909; 1904. [vd. w destructive to protoplasm. Figure 2 . The relative intensities seem to be somewhat different from that of a 220-volt lamp described in a previous paper, 18 which gives data also on the variation of intensity with power input, and a comparison of the ultra-violet emission spectrum of the sun and of the mercury arc.
It is to be noticed that the emission lines of wave lengths shorter than 305 m/x, which are known to produce strong germicidal action, are very weak in energy value as compared with the long wave-length limit of germicidal action -365 nui.
In Figure 3 is shown a photograph of the spectrum of the sun, and of the quartz mercury arc, prepared by C. C. Kiess, of this bureau. It Figure 4 , and taking the sum of the transmitted intensities. The ratio of these two summations gives the per cent transmission of the radiation of wave lengths less than (and including) 436 nux, which, for the present investigation, is taken to be the long wave-length limit of germicidal action. Experimentally this long wave-length limit was obtained by using a shade C Noviol glass screen (see fig. 4 The photographs in Figure 8 are an excellent demonstration of the effect of wave length upon the bactericidal action of ultraviolet radiation.
For obtaining the photographs shown in this illustration two intensities, 7-^50 and I *-35, were used. When using the intensity I + 50 the Petri dishes were exposed to the unobstructed (NJ radiation for T = 1, 2, and 4 minutes; and when exposed under the mica screen (N 2) the time of exposure was T = 8, 16, and 32 minutes. When using the weaker intensity, 7-7-35, the exposure time was 0.5, 1, and 2 minutes, respectively, for N u and 4, 8, and 16 minutes, respectively, for N 2 .
It will be understood, of course, that the central rectangular area represents the part of the culture which was exposed to radiation.
The surrounding border is part of the Petri dish which was not exposed to radiation, and hence shows the density of the culture.
TJie number of surviving colonies (the white flecks) in these rectangular areas shows that, when using the mica screen, N 2 , it was necessary to expose the culture about eight times as long in order to obtain the same killing as for the unobstructed radiation, [Vol. 19 agar.
The unexposed portions of the plate gave an estimate of 200 colonies per square centimeter after three days incubation. Table 3 gives the percentages of colonies developing in the same time on the exposed portion of the plate. These data are illustrated in Figure 9 . In the lower part of this illustration the curves for screens N lf N 2 , and iV 3 are replotted to a larger scale in order to bring out more clearly the relationships of these curves to each other.
The conclusion to be arrived at from the foregoing experiments is that radiation of wave lengths greater than 305 m/* is capable of producing abiotic action. However, the rate at which this can By exposing the inoculated material in the Petri dish simultaneously to the full intensity, /, through the two screens, experimental conditions were the same within the inclosure. The spectral transmissions of these screens are given in Table 4 . In the insert of Figure 9 The source of ultra-violet radiation was a quartz-mercury arc lamp. The test organism was Bacterium coli communis suspended in sterile distilled water. This suspension was atomized uniformly over the surface of a Petri dish, containing hardened sterile beef-peptone agar, and then exposed to ultra-violet radiation.
In the preliminary tests it was found that exposure of the standard uninoculated beef-peptone agar to ultra-violet radiation, of the intensities and for the time of exposure used in this investigation, had no effect upon the subsequently seeded surface.
However, when using a very high radiation intensity, a subsequent seeding of the surface of the preexposed agar gave no growth, or only a small number of colonies of bacteria.
An investigation was made (1) of the spectral range of bactericidal action, (2) The lethal action of radiation of wave lengths longer than 305 mju was found very slow in comparison with radiation of wave [Voi.19 lengths less than 280 nnz, even though the latter was much lower intensity.
Using the ultra-violet radiation emanating from the quartz-mercury arc the lethal action of the wave lengths less than 280 mju is' estimated to be at least 10 times more rapid than that of the wave lengths greater than 305 rn.fi.
Tests were made to determine the abiotic action of ultra-violet radiation when the total exposure is applied (1) This is obtained at a distance of about 15 cm (6 inches) from a
